A new look at economic convergence in Europe: a common factor approach This item was submitted to Loughborough University's Institutional Repository by the/an author.
This item was submitted to Loughborough's Institutional Repository by the author and is made available under the following Creative Commons Licence conditions.
For the full text of this licence, please go to: http://creativecommons.org/licenses/by-nc-nd/2.5/ 
Introduction

The enlargement of the European Union by ten Eastern European economies in May 2004
and the distinct characteristics of the European Monetary Union (EMU) member countries keep the issue of convergence prominent in the academic and policy debate. However the very notion of convergence quickly becomes problematic from an academic viewpoint when we try and formalise a framework to think about these issues. This is despite the fact that convergence has been a popular theme in applied economics since the seminal papers of Barro (1991) and Barro and Sala-i-Martin (1992) . In this paper we consider some of the standard definitions of convergence and suggest an alternative way to think about convergence based on a common factor framework which we implement using principal components analysis. We apply these ideas to a dataset of monthly nominal and real exchange rates of the twelve EMU member countries over the period . We argue that this common factor framework provides a useful new way of approaching the convergence debate.
We first consider the notion of convergence and show how a common factor approach to the problem is in many ways a more natural way to think of things than those conventionally Sterling has been on a gradual convergence path to the Euro over the past few years, although convergence is less progressed than it was for the EMU countries on inception of the currency union in 1999.
The paper is structured as follows. Section 2 considers the notion of convergence and shows how a common factor approach is a useful new and in many ways more natural framework for defining convergence. Section 3.1 presents the empirical results for the twelve EMU member countries, and section 3.2 considers the UK experience. Section 4 concludes.
Defining Convergence
While we have a clear idea regarding the importance of convergence as a pre-requisite for economic changes such as the formation of a monetary union and we have a clear intuitive understanding of what convergence means, it is surprisingly difficult to find a satisfactory formal definition of convergence. Hall, Robertson and Wickens (1997) consider a number of formal definitions of convergence which illustrate the difficulty here. So consider the pointwise convergence of two series X t and Y t which we might define as occurring when,
where α is a non stochastic constant which might often be required to be zero. This is a clear definition of convergence but it is unrealistically strong as it requires the two series to exactly move together in the limit. A more reasonable definition would be to think of stochastic convergence or convergence in expectations
This at first seems like a reasonable definition of convergence but the problem here is that it implies convergence in many quite unreasonable cases. For example if X and Y are both mean zero white noise processes then this definition would suggest that the two series are converged even though they have no relationship. If X and Y are non-stationary then sensible definitions may be offered through the notion of cointegration and the idea that convergence may limit the difference between the two series to a stationary difference either in the limit or over a given interval. However while this is a useful operational notion of convergence again it is limited by only being useful in the case of non-stationary series.
Here we propose a general measure of convergence which is based around the common factor representation of a group of series and which we believe more closely follows the basic conceptual idea which we have in mind when we talk about convergence. Consider a vector of 2 or more variables X which are determined by a set of factors F
Then we may give the following definition of when X are converged. The conventional assumption is that f t and t ε are uncorrelated across all i and t and as Anderson (1963) pointed out this is unlikely to be true of time series data, which is the primary interest here. Geweke (1977) Of course not all series will satisfy the conditions for the decomposition in (7) and so Geweke (1977) proposes a formal test of this structure based on the restrictions to the covariance structure of X implied by (7 
and define the factors to be orthogonal to each other. If the factors are then ordered so that the first factor is calculated to have the maximum explanatory power, the second factor has the next highest power and so on (as in a principal components analysis) then the notion of on going convergence becomes rather straightforward. Pointwise convergence, as defined above would imply that in the limit the first factor would be a complete explanation of X and so all the factors other than the first one would be zero. This would then collapse to the single factor model (7) where b=0. Convergence in expectations would imply that the expected value of all the factors except the first one would be zero and again in terms of (7) this would mean that the single factor model be accepted but the b would not be restricted to zero.
However in a practical sense the usefulness of this approach becomes more obvious when we realise that there is a direct measure of the degree of convergence between the series in the form of the %R 2 of the first factor. This shows the % of the total variation of X which is explained by the first factor. Pointwise convergence would imply that this is 1 and in general the closer this is to 1 the more complete is convergence between the set of series. This then allows us to deal with the problem of using convergence in expectations. Consider the case of n, mean zero IID distributed series; the expectation of the difference between these series on a pairwise basis would be zero so they would all meet the condition for convergence in expectation, despite the fact that they are completely unrelated to each other. However in the factor representation the %R 2 for the first factor would be 1/n as each factor would have equal explanatory power. The single factor model would be rejected and this would indicate that there was no common underlying driving force linking the n series together. If the series began to move together then the explanatory power on the first factor would rise and so this becomes a natural metric for the extent to which convergence has occurred.
Definition 2: Convergence is taking place between a vector of 2 or more series over any
given period 1 to T if the %R 2 of the first principle component calculated over the period 1 to T/2 is less than the %R 2 of the first principal component calculated over the period T/2 to T.
This approach also works regardless of the Stationarity properties of the data. So in the I (1) case, if we have pairwise cointegration between the set of series so that between the n series there are n-1 cointegrating vectors then in ECM form the model may be written as
where Π has rank n-1 and υ is the deterministic component.
The moving average equivalent of this is
and the C matrix may be decomposed into
where C(1) has rank 1 and so there will be one common stochastic trend which is the dominant first factor in the factor representation. Asymptotically as the variance of this non 8 stationary trend will dominate any stationary terms the %R 2 will go to one and convergence in expectation is clear. Over a small sample the size of the %R 2 will be an indicator of how important the common stochastic trend is relative to the noise in the series, again it becomes a direct measure of how much convergence has taken place. If any factor other than the first one shows signs of non Stationarity then this would imply less than n-1 cointegrating vectors and hence full pairwise cointegration would not exist.
Empirical Application
In this section we apply the common factor approach we propose in section 2 to a dataset of nominal and real exchange rates of the current twelve EMU member countries over the We begin by confirming the result that convergence does not exist for the 12 member states over the whole period either for nominal nor real exchange rates. The Geweke Test for a single common factor over the whole period resoundingly rejects the single factor representation for both real and nominal rates. The test statistic is 186.2 for nominal rates and 176.4 for real rates (the 5% critical value is approximately 124). So there is clearly not complete convergence over the whole period. We then proceed to investigate the existence of a process of ongoing convergence.
We implement the common factor approach using principal components analysis on consecutive sub-periods of 1970-2001 and applying Definition 2 to identify gradual convergence processes over time. We first consider each decade within the sample period, followed by an application to semi-decades. We would expect to see increasing convergence of exchange rate movements in the run-up to the introduction of fixed rates in 1999 and pointwise convergence from this year except for the Greek Drachma. We compare nominal versus real convergence patterns, and we also look at the relative experience of the UK which recently decided not (yet) to join the single currency union. After looking at the 'neutral' time periods of ten-and five-year windows, we split the investigation period into sub-periods as determined by the various regimes of the EMS, which yields additional insights.
Gradual Convergence Patterns of EMU Exchange Rates
3.1.1. Ten-year and five-year windows 1970-79, 1980-89 and 1990-99. 2 For comparison, we also include two more time periods, 1990-98 and 1990-2001 , to exclude the first year of complete convergence of the EMU11 group and to include the first year of complete convergence of the EMU12 group, respectively. As we show in section 2, the %R 2 of the first component gives us a direct measure of the degree of convergence and so when we compare the %R 2 over the consecutive time periods then by Definition 2 this allows us to identify processes of gradual convergence pattern of the European exchange rates over time. Table 1a shows that exchange rates converged considerably between the 1970s and 1980s.
This reflects the impact of the inception of the ERM on promoting convergence of nominal rates. Moreover, the period includes the first two years of the 'new' or 'hard' EMS, in which there were no realignments of exchange rates (February 1987 until mid-September 1992 . As we show in section 2, complete convergence would imply a vector of 1's in the first columns of λ, i.e. in our case the country-specific weight of the first principal component would be one and the weight of all other components would be zero for each country.
Therefore the closer the weights of the first principal component are to one for all countries or for a group of countries, the more the exchange rates of all countries, or of the group, move together. variance in 1990-94. We also observe the fact that the Italian Lira remained the laggard in terms of convergence of nominal exchange rates in the second half of the 1990s. Behind this lay the extension of the exchange rate margins to 15%, which meant that less convergence was required to remain within the bands and which was in effect relevant only for the Lira, allowing Italy to return to the EMS. The results also highlight that in terms of exchange rates
Greece had been more converged with the other countries than Italy, although because of other Maastricht criteria Greece was not amongst the founding members of EMU.
The country weights regarding real exchange rates are illustrated by the solid lines in Figure   1 , and Tables 1a and b (Table 1b , Figure 1 ). These can be disentangled from each other when we consider consecutive time periods as determined by the different stages of the EMS in the following section. Table 1c reports the %R 2 of the first principal component when we divide the sample period into seven sub-periods as determined by the EMS regimes. When we apply Definition 2 to this sequence of periods we can capture gradual convergence related to the EMS stages in more detail than with the 'neutral' periods of ten-and five-year windows.
EMS Regimes
The promotion of convergence through the inception of the ERM in March 1979 is brought out more clearly by the larger increase in the %R 2 (65% to 94% in Table 1c versus 67% to 81% in Table 1a The disintegration of the ERM in 1992 is captured by the substantial fall of the %R 2 (Table   1c) , and country-specific experiences are neatly reflected by the weights (Figure 2e) . Indeed, the herds of the crisis, Italy and Finland, have the lowest weights, indicating that the convergence process was lagging behind here. As continued convergence relied on selfvalidating expectations of smooth transition to monetary union by monetary authorities and foreign exchange markets, convergence was prone to come to an abrupt halt once any external shock were to hit the system, such as the speculative attacks on the Italian (as well as 
The UK Experience
In this section, we add the UK's exchange rate to the sample and apply the common factor approach to analyse the development of the UK's rate relative to those of the EMU economies. Table 2 reports the %R 2 of the first principal component, and Figure 3 presents the corresponding UK-specific weights. The weights for the EMU12 economies were essentially unchanged compared to those presented in Figure 1 and have therefore been excluded from Figure 3 for ease of exposition. Divergence is also indicated by the smaller %R 2 in this period compared to the EMU12 sample (Tables 1b and 2b ). This mirrors the fact that immediately after the UK had been forced to leave the ERM, the discount rate was cut by 50%, and following a significant devaluation, the Pound Sterling traded below its former lower ERM band of 2.78 DM. After falling further to below 2.2 DM in April, Sterling then began to recover, as can again be witnessed in the results of the principal components analysis, although it remained below the ERM band until May 1997. The profile of the weights in the cluster-like time periods beginning in 1995 indicates gradual convergence of the UK's exchange rate. Even so, the rate of convergence has declined recently, and when expanding the period to 2003, the weight is still below 65%. Hence while the UK's exchange rate appears to be gradually converging towards the Euro rate, convergence is still less progressed than it was for the EMU countries on forming the single currency union.
Finally, repeating the analysis for the EMS regimes shows that in 1992 the UK-specific weight lies between those of Italy and Finland (Figures 3c and 2e) , hence the principal components analysis correctly identifies the three countries hit by speculative attack.
Conclusion
In this note we have proposed an alternative technique of approaching the convergence debate based on a common factor framework which we implement using principal components analysis. We have shown how this is in many ways a more natural way to consider the problem than those conventionally used. We have applied these ideas to a analysis of the UK's exchange rate path suggests that the Pound Sterling has been on a gradual convergence path to the Euro over the past few years. However, convergence seems to be less progressed than it was for the EMU countries on forming the single currency union.
We conclude that the common factor approach provides a useful new way of approaching the convergence debate and invites application to other facets of the convergence debate. 1970-74 1975-79 1980-84 1985-89 1990-94 1995-98 1995-99 1995-2001 1995-2002 1995-2003 c. EMS regimes 
